Introduction
The effects of photoperiod on reproduction in the ewe may be mediated by two neuroendocrine mechanisms. A sex steroid-dependent mechanism involves photoperiod-induced changes in responsiveness of the hypothalamic-pituitary axis to the negative feedback action of oestradiol (Legan et al, 1977; Legan & Karsch, 1980) . During the breeding season oestradiol is a weak inhibi¬ tor of luteinizing hormone (LH) pulse amplitude but increases frequency of LH pulses (Goodman & Karsch, 1980; Karsch et al, 1983) . In contrast, oestradiol becomes a potent inhibitor of LH pulse frequency during anoestrus (Goodman et al, 1982; Martin et al, 1983) . Recent evidence suggests that oestradiol exerts its negative feedback action on secretion of gonadotrophin-releasing hormone in the sheep (Karsch et al, 1987) .
Photoperiod also influences patterns of LH release in ovariectomized ewes not treated with oestradiol (sex steroid-independent effects). Ovariectomized ewes subjected to natural short daylengths had higher LH pulse frequencies and lower LH pulse amplitudes than did ovariectomized ewes exposed to natural long daylengths (Goodman et al, 1982) . Similar results have been reported for ovariectomized ewes exposed to artificial photoperiods (Pau & Jackson, 1985; Schillo et al, 1985) .
The existence of a sex steroid-independent effect of photoperiod has not been proven because seasonal fluctuations in patterns of LH release in ovariectomized ewes may be attributed to changes in responsiveness to negative feedback actions of adrenal oestrogens (MacDonald & Siiteri, 1965; Warren & Cheatum, 1967) or androgens (Abraham, 1974) which can be aromatized to form oestro¬ gens in the brain and other tissues (Naftolin & Ryan, 1975) . We tested the hypothesis that sex steroid-independent effects are due to feedback actions of adrenal sex steroids by studying the effects of adrenalectomy on photoperiod-induced changes in patterns of LH release in ovariectom¬ ized ewes. We also studied the effects of adrenalectomy on photoperiod-induced changes in pro¬ lactin release because previous work suggests that the adrenal gland influences prolactin release in rats (Robyn & Tukumbane, 1983; Krieg et al, 1984) .
Materials and Methods
Animals. Adult, Finnish Landrace Southdown ewes were used. All 24 ewes were maintained on pasture before being placed in photochambers where they were fed alfalfa hay, and had access to water and trace mineralized salt.
Treatments. Ewes were assigned randomly to one of two treatment groups ( Fig. 1 (Goodman et al, 1982 Surgery. Ovariectomies were performed via midventral laparotomy using sodium thiamylal to induce anaesthesia and halothane to maintain anaesthesia. Each ewe was given intramuscular injections containing 60 000 U penicillin and 600 000 U streptomycin (Combiotic, Butler, Columbus, OH, U.S.A.) on the day of surgery, and on each of 5 consecutive days after surgery.
Bilateral adrenalectomies were performed according to the procedure described by Thompson & Wagner (1974 (Rodbard & Hutt, 1974) was used to describe the relationship between percentage binding of labelled hormone and log of the amount of standard.
Mean concentrations of prolactin were calculated for the first 5 sequential bleedings. Mean concentrations of LH, LH pulse frequency (pulses/4 h) and LH pulse amplitude were calculated for all sequential bleedings. Pulses of LH were identified by a modification of the procedures described by Martin et al. (1983) and Schillo et al (1985) . Basal concentration of LH was defined as the mean of the three lowest concentrations encountered during each sequential bleeding. An LH pulse was defined as an increase in LH concentrations that consisted of a minimum of two values that exceeded the basal concentration by at least two within-assay standard deviations for LH concentrations comparable to the basal concentration.
Data for the first 5 sequential bleedings were subjected to analysis of variance for repeated measurements (Gill, 1978) to determine effects of group, surgery, bleeding (time) and appropriate interactions. If the group time inter¬ action was significant, then data from each group were subjected to separate analyses of variance using orthogonal polynomials to describe effects of time. If the surgery time interaction was significant, then separate analyses of variance were done to determine effects of surgery at each time. If the group surgery time interaction was signifi¬ cant, then analyses of variance were done to determine effects of surgery in Groups I and II. In addition, effects of surgery were determined at each time for Groups I and II using / tests (Gill, 1978) . Data from the last sequential bleeding were subjected to analysis of variance for a 2 2 factorial design to determine effects of group, surgery and the group surgery interaction.
Results

ACTH challenge
Injections of 40 U ACTH stimulated cortisol release in sham-operated ewes, but not in adrenalectomized ewes (Fig. 2) . Concentrations of cortisol were similar (P > 0T) for Fig. 3(a) . Analysis of variance revealed a significant (P < 001) group time interaction since the short days:long days sequence caused prolactin to decrease and then increase in Group I (quadratic effect of time; < 001), whereas the long days:short days sequence caused prolactin to decrease in a linear manner (P < 001) in Group II.
Concentrations of prolactin were significantly (P < 001) higher in adrenalectomized ewes than in sham-operated ewes. A significant (P < 001) surgery time interaction was detected because the effects of adrenalectomy were significant (P < 005) during the first three sequential bleedings, but not during the last two sequential bleedings (P > 0-2).
Luteinizing hormone
Analysis of variance for mean concentrations of LH revealed significant surgery time (P < 005) and group time (P < 001) interactions. Mean concentrations of LH were higher in adrenalectomized ewes than in sham-operated ewes at 91 (P = 007), and 119 (P < 001) days (Fig.   3b ). The group time interaction was due to the fact that mean concentrations of LH increased in a quadratic manner (P < 001) in Group II whereas the effect of time was not significant (P > 0T) for Group I.
Adrenalectomy did not influence frequency of LH pulses (Fig. 3c) Amplitudes of LH pulses are shown in Fig. 3(d) . Analysis of variance revealed significant effects of surgery (P < 005) as well as group time (P < 001), surgery time (P < 001) and group surgery time (P < 005) interactions. Amplitudes of LH pulses were higher (P < 0-05) in adrenalectomized ewes than in sham-operated ewes in Group II, but not in Group I (P > 0T). In Group II the effects of adrenalectomy on LH pulse amplitude were significant ( < 005) on Day 119.
In Group I, there was a small but significant (P < 001) decrease in LH pulse amplitude after exposure to short days. This effect of time consisted of both linear (P < 001) and quadratic (P = 005) trends. The effect of time was also significant (P < 001) in Group II and consisted of linear (P < 0-01), quadratic (P < 0-01) and cubic (P < 005) components since pulse amplitudes increased after exposure to long days for 56 days and then decreased after exposure to short days for 28 days. Figure 4 shows characteristics of LH release 2 weeks after insertion of oestradiol implants. Adrenalectomy failed to influence mean concentrations of LH, LH pulse amplitude and LH pulse frequency in the presence of oestradiol. Ewes exposed to short days (Group II) (P < 001) mean concentrations of LH and higher (P < 001) frequencies of LH pulses than ewes exposed to long days (Group I). Amplitudes of LH pulses were similar (P > 0T) for both groups.
Discussion
Exposure of ovariectomized ewes to either natural or artificial long daylengths decreases frequency of LH pulses and increases amplitude of LH pulses, whereas exposure to short daylengths increases frequency of LH pulses and decreases amplitude of LH pulses (Goodman et al, 1982; Pau & Jackson, 1985; Schillo et al, 1985) . In the present study, a photoperiod sequence of short days followed by long days (Group I) did not influence LH release, whereas a sequence of long days followed by short days (Group II) influenced frequency and amplitude of LH pulses in ovariectomized ewes not treated with oestradiol.
Adrenalectomy did not abolish photoperiod-induced changes in LH release in Group II, suggesting that a sex steroid-independent mechanism is involved with mediating the effects of photoperiod on LH release in ewes. Our results agree with those of Montgomery et al (1987) who showed that adrenalectomy did not influence patterns of LH release in ovariectomized ewes during the mid-anoestrous season. The existence of a truly steroid-independent mechanism could not be verified in our study because adrenalectomized ewes were given replacement therapy consisting of a mineralocorticoid and a glucocorticoid, steroids which might influence LH release. The results of Montgomery et al (1987) suggest that deoxycorticosterone acetate acts as a progestagen and inhibits LH release in sheep. Photoperiod influenced LH release in ovariectomized, adrenalectom¬ ized hamsters not given steroid replacement therapy (Bittman & Goldman, 1979) , suggesting that a steroid-independent mechanism exists in this species.
At 28 and 56 days, ewes in Group II had high LH pulse frequencies and low LH pulse ampli¬ tudes due to the effects of prior exposure to short days. In these animals 56-91 days of exposure to long days was required to decrease pulse frequency and increase pulse amplitude, whereas 56 days of exposure to short days was required to increase pulse frequency and decrease pulse amplitude. These lags in response to artificial photoperiods are similar to those reported for ovariectomized ewes given oestradiol (Legan & Karsch, 1980) . Patterns of LH in Group I did not reflect the photoperiod treatments imposed after adrenal¬ ectomy. Since ewes in Group I were exposed to natural long days ( > 12 h) before entering the photochamber and were subjected to artificial long days before adrenalectomy, it is likely that these sheep became refractory to long days (Robinson et al, 1985) (Legan & Karsch, 1980) . However, patterns of LH in Group I in the presence of oestradiol (77 days of long-day treatment) indicate that these ewes did respond to the long photoperiod.
In the presence of oestradiol ewes exposed to short day lengths (Group II) had higher mean concentrations of LH and greater frequencies of LH pulses than did ewes exposed to long days (Group I). This is consistent with the observations of Goodman et al (1982) It is well established that long days increase and short days decrease circulating concentrations of prolactin in sheep (Pelletier, 1973; Pau & Jackson, 1984) . Our results in Groups I and II agree with these previous observations. The decrease in prolactin concentrations in Group II during long days was unexpected, but may have been due to random fluctuations in prolactin release. Subsequent exposure of Group II ewes to short days caused a precipitous decrease in prolactin as expected.
Adrenalectomy caused concentrations of prolactin to increase, suggesting that an adrenal product exerts an inhibitory effect on prolactin release. Glucocorticoids have been shown to inhibit prolactin release in rats (Harms et al, 1975; Euker et al, 1975) 
